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(54) Method and apparatus for alignment and bonding 



(57) A method and apparatus aligns device compo- 
nents based on an analysis of an image of features of 
the components to be aligned. The image is analyzed 
for deviation in component alignment, and a signal, 
based on the deviation, is sent to a positioning appara- 
tus to adjust the position of the components relative to 



each other. The image of the components is advanta- 
geously a top view which permits measuring deviations 
in alignment of features on the top surfaces of compo- 
nents. The components are advantageously bonded to- 
gether after alignment, and the alignment accuracy of 
the bonded components is checked. 
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Description 

Technical Field 

The invention relates to the field of methods and 
equipment for aligning and bonding components in de- 
vices and to the field of devices produced by such meth- 
ods and equipment. 

Background of the Invention 

Packaging of devices, such as semiconductor, pho- 
tonic and optoelectronics devices, typically requires that 
certain components in a device be aligned with certain 
other components in the device so that the components 
may be bonded, as for example by soldering, either to 
each other or to a common subassembly. Accurate 
alignment, within specified tolerance levels (often on the 
order of microns), is required so as to ensure proper op- 
eration of the device. For example, in photonic packag- 
ing, it is often required that a component, such as a laser, 
be aligned and bonded with respect to another compo- 
nent (e.g., a ball lens or optical fiber component) so as 
to properly focus and direct light emitted from the laser 
into the other component. 

One method of alignment and bonding, commonly 
used in the packaging of such devices, is the die bond- 
ing technique. FIG. 1 illustrates a typical die bonding ap- 
paratus for aligning and bonding first component 105 
and second component 109. First component 105 com- 
prises laser 102 and submount 104. Laser 102 is posi- 
tioned atop submount 104 so that submount 104 can 
provide mechanical rigidity for laser 102. Second com- 
ponent 109 comprises subassembly 108 and ball lens 
106 which is mounted on subassembly 108. Subassem- 
bly 1 08 is advantageously held in place via vacuum tube 
1 1 8 to heater 1 1 0. For reference purposes, the "top" and 
"bottom" of first component 105 and of second compo- 
nent 109 are defined with respect to coordinate system 
190 in FIG. 1. Coordinate system 190 comprises three 
orthogonal axes, X, Y and Z as shown. Specifically, "top" 
surfaces of components have a Z value that is either 
consistently larger or smaller than the Z value of the 
"bottom" surface of the components. For example, for 
illustrative purposes herein, the "top" of a respective 
component has a larger Z value than the "bottom" of the 
respective component. 

First component 105 is held by positioning appara- 
tus 114 via vacuum tube 116. Laser 102 is inside cavity 
1 30. The bottom surface of component 1 05 is marked 
with identification mark 121. The top of subassembly 
108 of second component 109 is marked with identifi- 
cation mark 122. The components are considered to be 
aligned if identification marks 121 and 122 coincide 
(within specified tolerances) when positioning appara- 
tus 1 1 4 lowers and places first component 105 onto su- 
bassembly 108. 

Positioning apparatus 114 lowers first component 



105 to meet second component 109. While the bottom 
surface of first component 105 and the top surface of 
subassembly 108 are sufficiently separated, apparatus 
112, comprising mirror assembly 113, is inserted be- 
5 tween the two surfaces. Apparatus 112 is supported by 
member 148. Mirror assembly 113 reflects an image of 
the position of the identification marks which image is 
reflected to camera 160 which produces an electronic 
image (e.g. using charge coupled devices) which in turn 

w is analyzed by vision system 125. Vision system 125 
then sends signals to positioning apparatus controller 
1 40 via signal path 1 50. Based on the signals, position- 
ing apparatus controller 140 causes positioning appa- 
ratus 114 to adjust the position of first component 105 

is so that identification marks 121 and 122 will coincide 
when the bottom surface of first component 105 and top 
surface of second component 109 are joined. When 
joined, subassembly 108 is then advantageously bond- 
ed to first component 1 05 by activating heater 1 1 0 which 

20 heats subassembly 1 08 thereby causing solder or other 
bonding material on the top of subassembly 108 and/or 
on the bottom of first component 1 05 to melt. Heater 1 1 0 
is eventually turned off and the bonding material is al- 
lowed to solidify thereby bonding first component 105 

25 and second component 1 09. 

FIG. 2 illustrates a top view of the components in 
FIG. 1. X-Y coordinate system 220 is provided as a ref- 
erence. Axis 251 is also provided as a reference. Axis 
251, termed the 6 axis, is an axis perpendicular to the 

30 plane defined by the X and Y axes. The 6 axis is an axis 
about which rotational adjustments between compo- 
nents are made. Lines 204 and 206 are shown for ref- 
erence purposes. Correct alignment of laser 102 with 
ball lens 106 would cause line 204, extending along the 

35 x axis from the center of laser 1 02, to coincide with line 
208 representing the diameter along the X axis of ball 
lens 106. The deviation in alignment (i.e., the distance 
between lines 204 and 208) is denoted AY. Similarly, cor- 
rect alignment also requires that reference point 220 on 

40 the top of laser 102 be a specified distance, D, from ref- 
erence point 240 on the circumference of ball lens 106. 
As shown in FIG. 2, the distance between laser 102 and 
ball lens 1 06 deviates from D by an amount AX. Finally, 
correct alignment requires that submount 1 04 be rotated 

45 about the 9 axis so that edge 270 of submount 104 is 
parallel to edge 260 of subassembly 108. The deviation 
A6 represents a rotational error in aligning components. 
Any situation in which AG, AX or AY are above respective 
tolerance levels is a misalignment of the components in 

50 the device which misalignment may cause degraded 
performance of the device. 

FIGs, 1 and 2 illustrate that the die bonding tech- 
nique has several drawbacks. First, the die bonding 
technique is not always sufficiently accurate. In particu- 

55 lar, the mirror assembly must be removed when the first 
and second components are sufficiently close. With no 
information from mirror assembly 1 1 3, positioning appa- 
ratus 1 1 4 will receive no updated information on the po- 
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sition of identification marks 121 and 1 22 as the distance 
between the components diminishes. Thus, errors 
(such as those due to vibration of the positioning appa- 
ratus) introduced once the mirror assembly has been 
removed will not be corrected. Second, die bonding 
techniques are typically only sufficiently accurate for 
aligning and bonding the bottom surface of the first com- 
ponent and the top surface of the second component. 
However, it is often the case that a third component has 
previously been mounted on the first component, and it 
is the alignment of the third component to some feature 
on the second component that is critical. Thus, any pre- 
vious errors that occurred in mounting the third compo- 
nent on the first will be compounded by errors intro- 
duced in aligning and bonding the first and second com- 
ponents. Moreover, it is often required that features on 
the top surface, as opposed to features on the bottom 
surface, of the first component be aligned with a feature 
on the top surface of the second component. Such a 
requirement renders the mirror assembly of standard 
die bonding equipment inadequate for such alignment 
requirements. 

Thus, there is a need for improved equipment and 
techniques for aligning and bonding device compo- 
nents. 

Summary of the Invention 

In accordance with the present invention a method 
and apparatus advantageously use images of features 
on the top surfaces of a first and second component to 
align the features. The method measures a deviation in 
alignment between a first feature on the top surface of 
the first component and a second feature on the top sur- 
face of the second component based on an image of the 
first and second features, wherein the first component 
is held by an apparatus adapted to receive and hold the 
first component, and the method generates a signal as 
a function of the deviation. The signal is used to affect 
the alignment between the two components. The inven- 
tive method may also be used for measuring a deviation 
in alignment between a first feature on a top surface of 
a first component and a second feature on atop surface 
of a second component, wherein the first and second 
components are bonded together, based on an image 
of the first and second features. 

The apparatus comprises 1) a tool adapted for re- 
ceiving and holding the first component so that the por- 
tion of the top surface of the first component comprising 
the first feature is detectable by an imaging system 
when the tool holds the first component and 2) the im- 
aging system for generating an image of the first feature 
and of the second feature. The imaging system meas- 
ures the deviation in alignment and generates a signal 
as a function of the deviation. The signal is advanta- 
geously used to control the positioning of the first com- 
ponent to the second component so as to reduce the 
deviation. 



Brief Description of the Drawings 

FIG. 1 illustrates a die bonding apparatus for bond- 
ing components. 
£ FIG. 2 illustrates a top view of the components in 
FIG. 1. 

FIG. 3 illustrates side view of an embodiment of the 
inventive apparatus for aligning and bonding compo- 
nents. 

*o FIG. 4A is an angled view of a portion of the inven- 
tive apparatus 

FIG. 4B is a top view of a portion of the inventive 
apparatus. 

FIG. 5 is a flowchart of steps in the inventive method 
*s for aligning and bonding components. 

Detailed Description 

The drawings are not to scale, with certain dimen- 
sions being distorted to aid in clarity of explanation. For 
illustrative purposes, the invention will be described in 
the context of aligning and bonding components in an 
optoelectronic device. However, the invention is not lim- 
ited to such a context. 

FIG. 3 illustrates an embodiment of the inventive 
apparatus for aligning and bonding components. For il- 
lustrative purposes, the inventive apparatus will be illus- 
trated in the context of bonding first component 310 to 
second component 320 where first component 310 is 
first component 105 of FIG. 1 comprising laser 102 and 
submount 104, and where second component 320 is 
second component 1 09 of FIG. 1 comprising subassem- 
bly 108 and ball lens 106. As in FIG. 1, coordinate sys- 
tem 390 is provided as a reference for identifying the top 
and bottom surfaces of the components. 

The inventive apparatus comprises two compo- 
nents: pickup tool 302 and imaging system 380 which, 
in this embodiment, comprises mirror 303, sensor 360 
and vision system 305. Pickup tool 302 is advanta- 
geously attached to positioning apparatus 304 which is 
controlled by positioning apparatus controller 301 (sup- 
ported by controller support 315). Imaging system 380 
generates a image of, or detects, features on portions 
of the top surfaces of components 310 and 320. Based 
on the image, imaging system 380 determines an 
amount of misalignment or deviation in the X, Y and 9 
directions as shown in FIG. 2. Imaging system 380 then 
generates a signal based on the amount of misalign- 
ment or deviation (e.g., for use by positioning apparatus 
controller 301 ) so as to reduce the misalignment. 

First component 105 is secured to pickup tool 302 
by a vacuum in tube 325. Pickup tool 302 advanta- 
geously is adapted to hold and receive first component 
31 0 ( as for example in opening area 404 (described be- 
low in conjunction with a discussion of FIG. 4A) so that 
the features to be aligned are not obscured, e.g. so that 
imaging system 380 can detect the features to be 
aligned or so that the features are visible to imaging sys- 
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tern 380. Positioning apparatus controller 301 then con- 
trols positioning apparatus 304 and pick up tool 302 so 
that first component 31 0 is located above second com- 
ponent 320. Positioning apparatus 304 and controller 
301 may be robotic components such as those manu- 
factured by New England Affiliated Technologies. 

Pickup tool 302 is illustrated in greater detail in FIG. 
4A which is angled view of pickup tool 302 illustrating 
opening area 404 through which features on the top sur- 
face of first component 31 0 are not obscured by pickup 
tool 302. FIG. 4B is a top view of pickup tool 302 also 
illustrating opening area 404 and illustrating prongs 409 
and 41 9 which terminate in pick up surfaces 41 0 and 
420, respectively, which abut the top surface of compo- 
nent 31 0. Those skilled in the art will recognize that other 
configurations of pickup tool 302 are possible which 
configurations permit detection of features on the top 
surface of first component 310. 

Returning to FIG. 3, mirror 303 is advantageously 
positioned so as to reflect or redirect images obtained 
along the 9 axis as shown. Mirror 303 reflects an optical 
image of features on a portion of the top surface of first 
component 310 and of features on a portion of the top 
surface of second component 320 where the features 
on the components are to be aligned. The optical image 
of features on the position of first components 310 are 
advantageously those features in opening area 404 of 
pickup tool 302. The system of FIG. 3 executes the fol- 
lowing steps, illustrated in FIG. 5, for aligning and bond- 
ing. In step 510 the optical image reflected by mirror 303 
is first input to sensor 360. Sensor 360 converts the re- 
flected image into an electronic image for use by vision 
system 305. Sensor 360 is, for example, a camera uti- 
lizing charge coupled device technology for generating 
an electronic representation or image based on an op- 
tical image. Vision system 305 advantageously is a sys- 
tem such as the Cognex Vision System Model 3400. The 
image is similar to the image of FIG. 2. Next in step 520, 
vision system 305 determines or measures the devia- 
tion in alignment in the X, Y and 0 directions based on 
an analysis of the electronic image. In the case of illus- 
trative embodiment, the electronic image of features of 
first component 310 and second component 320 are an- 
alyzed by vision system 305 to determine misalignment 
between ball lens 1 06 and laser 1 02. In step 530 signals 
are generated (based on the measured deviation) which 
are sent to position apparatus controller 301 via signal 
path 370. In response to the signals, positioning appa- 
ratus controller 301 controls or moves positioning appa- 
ratus 304 (and hence pickup tool 302), so as to better 
align features on the top surface of first component 31 0 
with features on the surface of second component 320. 
Steps 51 0-530 may be repeated as first component 31 0 
is lowered by positioning apparatus 304 so to touch sec- 
ond component 320. 

Once first component 310 and second component 
320 are joined (as determined in step 540) heater 350 
may advantageously be activated to bond the compo- 



nents together in step 550. Heater 350 causes bonding 
material, e.g., solder, on the bottom surface of first com- 
ponent 310 and/or on the top surface of second compo- 
nent to melt and to solidify when the heat is deactivated. 

5 Note that the inventive apparatus advantageously views 
images of portions of the top surfaces of both first com- 
ponent 31 0 and second component 320 so as to further 
allow observation of the behavior of the bonding proc- 
ess, thereby allowing detection of imperfect bonds. Fur- 

10 ther, note that the inventive apparatus may be used to 
check or measure the accuracy of the alignment after 
bonding by repeating steps 510 and 520 and outputting 
the measured deviation. 

In another embodiment of the invention, imaging 

15 system 380 comprises sensor 360 and vision system 
305 only. In this embodiment, mirror 303 is eliminated 
by attaching sensor 360 to positioning apparatus 304 so 
as to position sensor 360 to view along the 6 axis. 
Although the inventive method and apparatus have 

20 been illustrated in the context of alignment of and bond- 
ing of components in optoelectronic devices, those 
skilled in the are will recognize the applicability of these 
teachings to other contexts, such as the fabrication of 
semiconductor devices. For example, the inventive 

25 method and apparatus may be used with components 
of sizes larger than the size of components typically 
used in the optoelectronics industry. Further, the inven- 
tive method may be used to align more than two com- 
ponents as for example by placing a component be- 
so tween two other components. Moreover, the accuracy 
of the inventive method and apparatus is typically limited 
only by the wavelength of the radiation used to generate 
the image of the features on the top surfaces of the com- 
ponents to be aligned and by the "step size" or minimum 

35 distance increment of the positioning apparatus. 



Claims 



40 1. A method comprising the steps of: 



measuring a deviation in an alignment between 
a first feature on a top surface of a first compo- 
nent and a second feature on a top surface of 
a second component based on an image of said 
first and second features, wherein said first 
component is held by an apparatus adapted to 
receive and hold said first component, and 
generating a signal as a function of said devia- 
tion to affect the alignment between said first 
feature and said second feature. 
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2. A product comprising a first component bonded to 
a second component, said product produced by the 
process of: 

measuring a deviation in an alignment between 
a first feature on a top surface of said first com- 
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ponent and a second feature on a top surface 
of said second component, wherein the proc- 
ess of measuring is based on an image of said 
first and second features, wherein said first 
component is held by an apparatus adapted to 
receive and hold said first component, 
generating a signal as a function of said devia- 
tion, 

adjusting the position of said first component 
relative to said second component based on 
said signal, and 

bonding together said first and second compo- 
nents. 

3. A method comprising the steps of: 

measuring a deviation in an alignment between 
a first feature on a top surface of a first compo- 
nent and a second feature on a top surface of 
a second component, wherein said first and 
second components are bonded together, 
based on an image of said first and second fea- 
tures, and 

generating a signal as a function of said devia- 
tion to affect the alignment between said first 
feature and said second feature. 

4. A method of fabricating a device, wherein said de- 
vice comprises a first component and a second 
component, said method comprising the steps of: 

measuring a deviation in an alignment between 
a first feature on a top surface of said first com- 
ponent and a second feature on a top surface 
of said second component based on an image 
of said first and second features, wherein said 
first component is held by an apparatus adapt- 
ed to receive and hold said first component, and 
generating a signal as a function of said devia- 
tion to affect the alignment between said first 
feature and said second feature. 

5. The method of claim 1 ,2,3 or 4, wherein said image 
is an electronic image generated based on an opti- 
cal image. 

6. The method of claim 5, wherein said optical image 
is reflected by a mirror. 

7. The method of claim 1 or 4 further comprising the 
step of: 

adjusting the position of said first component 
relative to said second component based on said 
signal. 

8. The method of claim 1,3 or 4, wherein the measured 
deviation comprises deviation measurements in a 
plane substantially parallel to said top surface of 



said first component. 

9. The method of claim 8 wherein the measured devi- 
ation comprises a deviation measurement about an 

5 axis perpendicular to said plane. 

10. The method of claim 1 or 4, further comprising the 
step of: 

bonding together said first and second com- 
10 ponents. 



1 1 . The method of claim 10, further comprising the step 
of: 

based on an image of said first and second 
features on the bonded together first and second 
components, measuring a deviation in alignment 
between said first feature on said top surface of said 
first component and said second feature on said top 
surface of said second component. 
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12. A system comprising: 

a tool adapted for holding and receiving a first 
component, said first component comprising a 
first feature on a top surface of said first com- 
ponent, wherein said first feature is detectable 
by an imaging system when said tool holds said 
first component, wherein said first feature is to 
be aligned with a second feature on a top sur- 
face of a second component, 
said imaging system for generating an image 
of said first feature and of said second feature. 

13. The system of claim 12, wherein said imaging sys- 
tem measures a deviation in alignment between 
said first feature on said top surface of said first 
component and said second feature on said top sur- 
face of said second component based on said im- 
age. 

14. The system of claim 13 wherein said imaging sys- 
tem generates a signal as a function of said devia- 
tion. 



45 1 5. The system of claim 1 2 further comprising: 

positioning apparatus controller for positioning 
said first component relative to said second 
component based on said signal, and/or heat- 
so jng means for bonding together said first and 

second components, and/or a sensor for gen- 
erating an electronic image based on an optical 
image, and 

a vision system for analyzing said electronic im- 
55 age, and/or a mirror wherein said mirror reflects 

an optical image to said sensor. 
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FIG. 1 I 
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FIG. 5 
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